Background: Little information is available regarding the vulnerability of patients with chronic obstructive pulmonary disease (COPD) in China. We aimed to assess this according to patient gender. Methods: A cross-sectional study was conducted in the rural area of Xuzhou in China. We interviewed and administered questionnaires to 2825 male and 2825 female patients with COPD and subjected the data generated to statistical analysis. We compared differences between proportions of male and female patients using the χ 2 test. Results: The rate of current smoking in men was 30.1%, whereas that in women was 10.9%, and 31.5% of men had a history of using biomass fuel compared with 75.3% of women. Further, 26.0% of the male patients and 16.4% of the female patients did not take theophylline regularly when their disease was stable. During acute exacerbations, 65.8% of the male patients and 39.7% of the female patients took theophylline or similar drugs. The average potential shortening of life expectancy was 1.76 years for men and 1.18 years for women. The average indirect economic burden was 11158.4 yuan for men and 7481.2 yuan for women. The quality of life was worse in female patients than in male patients. Conclusion: We found that patients with COPD were vulnerable and that factors determining vulnerability were different for men than for women. Therefore, we recommend adopting different measures for men and women when attempting to prevent, control, and treat COPD, rehabilitate these patients, and improve their quality of life.
Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive disease defined by a limitation of airflow that is at least partially irreversible. 1 It is a 1eading cause of increased morbidity and mortality, being estimated to rank seventh worldwide as a disease burden and third as a cause of death. [2] [3] [4] In China, COPD affects 8% of people aged 40 years or older. 5 Every year, there are over 40 million patients with COPD in China and its annual death toll is over 1.28 million. COPD disables about 5-10 million of these people, preventing them from working and earning a living. 6 In addition to seriously impacting ability to work and quality of life, patients with COPD use a lot of medical resources and impose a heavy economic burden on society. In China, the annual direct medical costs per capita for patients with COPD are as high as 11,744 yuan, and indirect medical expenses (including transportation, buying health care products, nursing costs) cost about 1570 yuan. 7 However, so far, the Chinese government has no countrywide program for preventing COPD and treating patients with the disease.
Prevention and treatment of patients with COPD depends on the ability of patients to recognize the condition. The vulnerability of a population is reflected by the possibility and extent of population health losses caused by various factors or changes in the health system. The vulnerability of a population also reflects its sensitivity to risks, 8 and is mainly determined by people's resistance or susceptibility to disease, and high vulnerability is associated with prolonged recovery. 9 The vulnerability of COPD patients is determined by their knowledge about COPD, high-risk behavior, management of their COPD, burden of disease, and many other factors that are influenced by the patient's behavior, social environment, and medical history.
To evaluate the vulnerability of people, things, or events, we must first identify the factors that lead to vulnerability. Once these have been identified, we can make interventions aimed at reducing susceptibility and increasing resilience. Therefore, study of the degree of vulnerability of patients with COPD can provide a scientific basis for developing targeted control measures. In China, factors causing COPD in men and women are significantly different. 10 Vulnerability may also differ between male and female patients, and there is still a lack of research in this area in China. In the present study, we investigated the vulnerability of male and female patients to COPD, with the aim of providing a scientific basis for interventions to prevent and treat COPD in large community-based settings in China and other countries.
Materials and methods study population
We selected 8217 patients with COPD randomly from 14 towns in the Xuzhou area. COPD was diagnosed by the standards outlined in the Global Initiative for Chronic Obstructive Lung Disease (GOLD). 1 How we selected the patients for this research has been described elsewhere.
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In the present study, we matched patients enrolled with COPD by age (± one year), number of family members (± one member), education level, stage according to GOLD criteria, and duration of disease. To eliminate factors that would seriously affect COPD-related data, we excluded patients with severe heart, liver, kidney, and lung diseases and those with nervous or mental disorders. We also excluded patients with insufficient data available. Finally, we included 5900 cases in the study (Figure 1 ).
Questionnaire design
In preparation for designing the vulnerability questionnaire, we consulted with COPD experts concerning epidemiology, prevention, treatment, and rehabilitation, and reviewed some relevant domestic and foreign published papers. [12] [13] [14] We then designed the questionnaire and determined that it had high reliability (0.88) and validity (0.86). It consists of 100 items and has five subscales: namely, demographic data (10 items), patient knowledge about COPD (15 items), behaviors (five items), disease management (10 items), quality of life assessment using the Saint George's Respiratory Questionnaire (SGRQ), 12 and economic burden (10 items). The SGRQ is a standardized, self-administered, pulmonary-specific health status questionnaire containing 50 items and 76 weighted responses with three subscales, namely symptoms (eight items), activity (16 items), and impacts (26 items). The total score varies from 0 to 100, with higher scores indicating worse health status.
Measurement of exposure to relevant factors and confounders
We interviewed the 5900 patients with COPD face to face in their homes. We recorded responses to the items about age, gender, current employment status, level of education, cigarette smoking status, marital status, physical activity, family history of COPD, and other factors using the questionnaire we had designed. We ascertained and recorded inpatient costs (including the cost of patient transportation and meals, costs incurred by their escorts, and wages paid to caregivers), outpatient costs (including those for outpatient accommodation), in-home treatment costs, costs of long-term medication regimens (including prescribed drugs purchased at the patient's own expense and self-medication drugs), and costs related to lost productivity and lost employment during the previous year by examining patients' hospital records and their logs in township and village clinics. We ascertained the patients' per capita incomes and life expectancies from data in the Xuzhou Statistical Yearbook and Resident Annual Deaths Report of 2008.
We calculated direct economic burdens based on data from our questionnaire. We estimated indirect economic burdens using data about local per capita income and life expectancy from 2008. To estimate the risk of premature death, we assessed the years of potential life lost (YPLL) as a result of COPD per 100,000 people. According to local life expectancy statistics, the average age at death is 70 years. Therefore, the YPLL is the difference between 70 years and the patient's age at time of death. Using the 2000 census report, we ascertained the age composition of China's population and used this to adjust the composition of the population of Xuzhou city in 2008. We calculated the YPLL according submit your manuscript | www.dovepress.com
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to the following equation: YPLL = Σ (ai × di), where ai is the loss of life-years for the age group in question and di is the number of deaths in that age group. The mean YPLL = YPLL divided by number of deaths. 15 
statistical analysis
We calculated means ± standard deviations as summaries of continuous variables. For categorical variables, we computed the percentages of patients of each gender. We compared differences in proportions of men and women using the χ 2 test. We expressed numerical variables as means ± standard deviations and compared differences between proportion of men and women using the Student's t-test. We used the computer-based analysis program Statistical Package for the Social Sciences (SPSS) version 13.0 (SPSS Inc, Chicago, IL) for all calculations. We considered differences of P , 0.05 to be statistically significant.
Results
general characteristics
In this study, we sent out 5900 questionnaires and all were returned. Of these, 5650 questionnaires had been completed (by patients aged 40-75 years) and were therefore valid, so the validity was 95.8%. Table 1 shows the relevant general characteristics of these patients. The mean monthly family income of the males was lower than that of the females (t = −19.51, P , 0.001).
Differences in behavioral indicators of vulnerability
There were significant differences between men and women with COPD in the rates of ever, current, passive, and quitting smoking; history of using biomass fuel; average number of years that such fuel had been used; regularly taking exercise; social support; and family history (see Table 2 ). COPD and its acute exacerbations had forced about 93.4% of the patients to quit smoking (96.6% of men versus 94.7% of women, P , 0.01). None of the patients knew how to perform rehabilitative exercises. The male patients had higher rates of ever, current, passive, and quitting smoking and of exercising regularly than did the female patients. Male patients had lower rates of history of using biomass fuel, average duration of using biomass fuel, social support, and family history of COPD than did the female patients. Table 3 shows the differences between male and female patients in these indicators of vulnerability in COPD.
Differences in indicators of vulnerability involving knowledge, beliefs, and practices
Differences in indicators of vulnerability involving disease management
None of the patients had participated in any public health education program on COPD because the local health administration had never provided any such programs, eg, about the importance of cessation of smoking or maintaining a nutritious diet for COPD patients. In total, 4937 (87.4%) patients wanted to be treated but could not comply with recommended treatment for financial reasons. No patients had used inhalers, nebulizer drugs, or oxygen therapy either regularly or temporarily. No patients had attempted pulmonary rehabilitation or surgical treatment. Most patients had received informal and untimely treatment in village or township hospitals. Table 4 shows the different measures used for managing their disease. There were significant differences between male and female patients for all these factors (all P , 0.05).
Differences in economic vulnerability
In 2008, the yearly net per capita income of a farmer was 6240 yuan (520 yuan per month) in Xuzhou city. The monthly per capita income of patients with COPD was lower than that of the population in general by 32.7% (27.9% for male patients and 35.4% for female patients). Analysis of the annual total medical costs for the 5650 patients showed that these were 11,198,300 yuan, the per capita economic burden being 1982 yuan. The yearly per capita income of the families of COPD patients was about 5000 yuan, and the yearly direct economic burden for one COPD patient was 1060 yuan. Thus, on average, COPD accounted for one fifth of the patients' families' per capita income. Table 5 shows 
Difference in indicators of vulnerability involving quality of life
The total score for quality of life was significantly lower in female patients than in male patients with COPD. However, there was no significant difference between them in limitation of activities (Table 6 ). The average potential longevity lost was 1.76 years for men and 1.18 years for women. The average indirect economic burden was 11,158.4 yuan for male patients and 7481.2 yuan for female patients.
Discussion
The main findings of this study were that there are significant differences between men and women in China with COPD in terms of smoking habits, treatment of their disease, history of using biomass fuel, average potential longevity lost, and cost of COPD.
Risk factors that contribute to development of COPD include smoking, use of biofuels, lack of exercise, social support, work-related dust exposure, and a family history of respiratory disease. 16 However, in China, there is a difference between men and women in the incidence of COPD. 10, 17 The risk factors for COPD are not the same in women as in men. Therefore, study of the risk factors that cause COPD according to geographical region and gender and of the differences between men and women with regard to indicators of vulnerability to dealing with COPD may provide a scientific basis for designing rational and effective control programs. This is the first published study on the difference in vulnerability associated with COPD from a gender perspective. After matching 5650 patients (2825 male, 2825 female) with COPD by age (± one year), education level, number of family members (± 1 person), GOLD stage, and duration of disease, we investigated their indicators of vulnerability. We found that patients with COPD in the rural areas of Xuzhou are extremely vulnerable.
Although quitting smoking is the most cost-effective means of preventing further deterioration of lung function, 20.5% of study patients were current smokers. The rates of ever, current, and passive smoking were all significantly higher in male patients than in female patients. The smoking rate in male patients with COPD was 69.9%, which is submit your manuscript | www.dovepress.com significantly higher than that of the general population. 18 The rate of smoking for men with COPD in our study was similar to that in Spanish men with COPD, whereas the rate for women was lower than that of Spanish women with COPD. 19 These findings show that the characteristics of smoking behavior, a unique indicator of vulnerability, differ between men and women with COPD.
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However, we found that smoking is not the main vulnerable behavior in women with COPD. A history of using biomass fuel and duration of its use was significantly higher in female than in male patients. This is consistent with the fact that women are typically the main family members using biomass in the study locality and shows that smoke generated by using biofuels is of particular relevance to women with COPD. The local kitchens mainly have cornstalk, reed, or earth walls and are not ventilated. The biomass fuel used is derived mainly from straw or charcoal and produces lampblack, which exacerbates any tendency of women to develop COPD. Lampblack is a risk factor that is unique to women with COPD. Family history is also an important risk factor for COPD, 20 and we found that a family history of COPD was more frequent in female patients than in male patients.
Because lung function tests and health education programs have never been available in the locality of the study patients, none of them had previously heard the term "COPD" or had been diagnosed as having the condition. Therefore, they had no incentive to acquire knowledge about COPD. There was a significant difference between male and female patients in vulnerability involving knowledge about the causes of COPD. However, vulnerability related to this knowledge correlated with undesirable behavior. For example, because the rate of smoking was higher in male patients, they thought that smoking was an important cause of COPD. In contrast, female patients were more likely to use biomass fuel, so they thought that using biomass was an important cause of COPD.
Because they had not received standard treatment and had longstanding symptoms of COPD, almost 16% of patients thought that treatment was not capable of slowing the progression of their disease. Female patients were more anxious about this than were male patients. Male patients were more willing to adopt helpful measures, such as preventing colds, maintaining a regular vaccination schedule, or having globulin injections, than were female patients. This may account for the finding that female patients were more likely to be hospitalized than were male patients, and that average medical expenses were lower for men than for women.
Medication is an effective means of preventing and controlling the symptoms of COPD, reducing the frequency and severity of exacerbations, and improving both exercise submit your manuscript | www.dovepress.com tolerance and quality of life. 21, 22 Providing treatment for COPD patients, especially for those who are stable, can reduce the frequency of exacerbations. 23 However, we found that patients in rural Xuzhou were highly vulnerable to poor disease management. None of the stable patients had received regular drug treatment, and their drug regimen compliance rate was significantly lower than that reported by Barr et al. 24 During acute exacerbations of COPD, no patients had used inhalers or sprays. This is much lower than the appropriate rate for use of inhaled drugs, which is 10% according to Restrepo et al. 25 Whether male or female, none of the patients knew how to perform rehabilitation exercises and none of them had undergone lung function testing. In the stable and exacerbation stages of COPD, the rate of treatment was higher for male than for female patients. This finding is related to the fact that the household income of female patients is higher than that of males. Because men's earnings are the main income source for families in the study locality, men who are ill are more likely to have treatment to enable them to keep earning wages, whereas women who are ill are more likely to be hospitalized.
We found that the annual direct economic burden of patients with COPD was 1982 yuan, which is lower than in Spain and the US. 19, 26 Although there was no difference between male and female patients in average annual medical expenses, there were more men with medical expenses of less than 1500 yuan per year than there were women. These findings reflect the fact that male patients more often used daily treatment, whereas female patients were more frequently hospitalized. COPD causes loss of potential years of longevity, and these losses were higher than those reported by Fei et al 27 for both male and female patients. This discrepancy may relate to the fact that our study included rural patients and the studies were performed in different years.
In the present study, the total scores for quality of life were higher for female patients than for male patients. This finding relates mainly to women scoring higher than men in the affect part of the questionnaire we used, which in turn relates to women being more prone to mental illness. 28 The quality of life aspect of vulnerability reported in this study is higher than that reported by An et al. 29 This may be because our subjects lived in a rural area.
The present study has a number of limitations. First, its cross-sectional nature predisposes to recall bias and resulting misclassification bias with regard to case status. Second, our estimates of vulnerability may not be applicable to patients with COPD living in other areas, because health care practice patterns may differ regionally. Third, we did not use multiple regression to analyze the reasons for the differences in vulnerability between male and female patients with COPD.
